1. Introduction {#sec1}
===============

Vitamin D and its metabolites are steroid hormones and hormone precursors. About 80% derive from ultraviolet B (UVB) induced photoconversion in the skin of 7-dehydrocholesterol to previtamin D~3~, and the remainder from the diet and from food supplements. Whether derived from skin, food, or supplements, previtamins D~2~ and D~3~ are biologically inactive and, in the liver and in the kidney, undergo two stages of hydroxylation to the biologically active form of vitamin D, 1,25(OH)~2~D ([Figure 1](#fig1){ref-type="fig"}). Vitamin D and its metabolites are transported in the circulation by vitamin D binding protein (VDBP), and having reached their target cells, they dissociate from the VDBP and enter the cells \[[@B1]--[@B8]\] ([Figure 1](#fig1){ref-type="fig"}).

The major function of 1,25(OH)~2~D is to regulate calcium homeostasis \[[@B4], [@B9], [@B10]\]; other biological activities include regulation of proliferation and differentiation of several cell lines including keratinocytes, endothelial cells, osteoblasts, and lymphocytes. Most of these biological functions are mediated via the vitamin D nuclear receptor (VDR) which acts as a transcription factor regulating transcription of target genes \[[@B1], [@B4], [@B10], [@B11]\].

Serum levels of 25(OH)D, the major circulating form of vitamin D, are used for screening for vitamin D deficiency in healthy persons, and its normal range is considered to be 75--125 nmol/L \[[@B12]\]. The serum level between 75 and 80 nmol/L of 25(OH)D is generally considered to be optimal for control of circulating parathyroid hormone (PTH) and for maximising calcium absorption and bone mineral density \[[@B13]\].

A serum level of less than \<50 nmol/L of 25(OH)D is generally regarded as vitamin D deficiency \[[@B14]\]. The physiological levels of vitamin D may vary: supplementation may be required by the debilitated, the elderly, and those with insufficient exposure to sunlight \[[@B5], [@B6], [@B13]\]. The serum level of biologically active 1,25(OH)~2~D depends on multiple factors including the efficacy of synthesis of vitamin D precursor in the skin, on its absorption from dietary sources, on the conversion of 25(OH)D to 1,25(OH)~2~D, and on its transport and its degradation \[[@B5], [@B11]\]. Common causes of vitamin D deficiency and functional impairment are listed in [Table 1](#tab1){ref-type="table"}. 25(OH)D and 1,25(OH)~2~D are metabolized by CYP24A1 (25(OH)D-24 hydroxylase) into water soluble inactive agents which are secreted in the bile \[[@B7], [@B8]\] ([Figure 1](#fig1){ref-type="fig"}).

Older or obese persons, those with osteoporosis, sarcoidosis, malabsorption syndrome, chronic renal, or hepatic disease, and those taking certain medications (anticonvulsants, systemic glucocorticoids, ketoconazole, or antiretrovirals) are at risk of vitamin D deficiency ([Table 1](#tab1){ref-type="table"}). It appears that supplementation with either vitamin D~2~ or D~3~ is equally effective in correcting vitamin D deficiency \[[@B2]\].

Information from observational clinical studies of the association between vitamin D serum levels and incidence of any diseases is difficult to interpret. Study populations are often heterogeneous, follow-up periods are short, and risk factors such as older age, obesity, smoking, and reduced physical activity are common both to subjects with low 25(OH)D and to subjects with one or other disease. Furthermore, a low 25(OH)D may be a consequence rather than a cause of a disease in people under observation \[[@B4]\].

In this article, we highlight the role of vitamin D and its receptor in regulating the expression of genes involved in calcium homeostasis and bone metabolism, in the function of the immune and the cardiovascular systems, and in modulation of proliferation, differentiation, and apoptosis of keratinocytes.

2. Some Genomic Functions of the Vitamin D Receptor (VDR) {#sec2}
=========================================================

The VDR is a nuclear receptor that functions as a transcription factor, and most of its activities are regulated by its ligand, 1,25(OH)~2~D. VDR belongs to the family of steroid receptors which include the adrenal steroid, sex hormone, thyroid hormone, and retinoic acid receptors, and VDR is widely distributed among different cell lineages. However, some of the VDR functions are independent of 1,25(OH)~2~D \[[@B4], [@B15]\].

VDR forms a heterodimer with the retinoid X receptor (RXR), and in turn VDR/RXR heterodimers bind to DNA sequences in target genes termed vitamin D response elements (VRDEs), resulting in either activation or repression of transcription of target genes \[[@B4], [@B15]\]. The VDR/RXR-induced transcription of target genes is modulated by other transcriptional coactivators and corepressors, which are recruited to the VDREs \[[@B4]\]. For example, in the epithelium, the DRIP complex of coactivators preferentially binds the VDR of undifferentiated keratinocytes, regulating 1,25(OH)~2~D-induced cell proliferation and expression of early-stage differentiation markers; and the SRC complex of coactivators binds to the VDR in keratinocytes that have already undergone early stages of differentiation and in which the levels of DRIP have declined, inducing the expression of more advanced markers of differentiation \[[@B15]\]. Thus, the interactions of VDR with other transcription coregulators mediate the expression of target genes in keratinocytes in response to ligand-dependent stimulation and also influence ligand-independent cellular functions \[[@B16]\].

In activated T lymphocytes, 1,25(OH)~2~D/VDR/RXR blocks the nuclear factor of activated T cells (NFAT) and the activator protein 1 (AP-1), resulting in repressed transcription of the gene encoding interleukin 2 (lL-2), which is necessary for T cell proliferation and function \[[@B1]\]. 1,25(OH)~2~D also has the capacity to repress the transcription of the key immunological agent interferon gamma (IFN-*γ*), via the binding of the VDR/RXR to a silencer region in IFN-*γ* gene promoter. INF-*γ* is essential for the function of innate and adaptive immunity and its dysregulation is associated with several autoimmunoinflammatory diseases \[[@B4], [@B17]\]. Similarly, 1,25(OH)~2~D/VDR suppresses the production of IL-17, a cytokine produced by Th17 and which plays a role in the pathogenesis of inflammatory and autoimmune conditions. The repression of transcription of IL-17 by 1,25(OH)~2~D/VDR involves blockade of NFAT, sequestration of the Runt-related transcription factor 1 (Runx 1), and induction of the transcription factor, Foxp3. Foxp3 is also involved in the development and functional activity of regulatory T lymphocytes (Tregs) \[[@B4], [@B18]\].

VDRs influence several signalling pathways including those regulating bone and calcium homeostasis, inflammation, cell mediated immunity, cell cycle progression, and apoptosis \[[@B15]\]. It has been shown that VDR polymorphism is associated with a risk of cancer, with some genetic variants increasing while others decrease the risk. The VDR-related cancer risk appears to be tissue-specific as it varies in different cancers. The variation between tissues with regard to DNA sequences, to cell phosphorylation, and to coactivators/corepressors may explain why the same VDR variant exerts different biological responses in different tissues \[[@B19]\]. In addition, some genetic variants of VDR may be less responsive to 1,25(OH)~2~D in suppressing inflammatory processes, thus favouring the development of cutaneous inflammatory conditions \[[@B20]\].

Cross sectional studies have shown that chronic use of glucocorticoids is associated with low levels of 25(OH)D \[[@B21]\]. It appears that glucocorticoids can upregulate the renal expression of CYP24A1 which in turn catabolizes 25(OH)D and 1,25(OH)~2~D to water soluble inactive agents thus mediating deficiency of vitamin D \[[@B21], [@B22]\]. Another link between the use of glucocorticoids and vitamin D is that 1,25(OH)~2~D/VDR and glucocorticoids/glucocorticoid receptor (GR) intracellular signalling pathways cross talk so that increased levels of vitamin D may enhance responsiveness of certain target cells to glucocorticoids \[[@B23]--[@B25]\]. Glucocorticoids with their cognate receptors translocate from the cell cytoplasm to the nucleus where they bind to glucocorticoid response element (GRE) to regulate gene transcription. As VDR and GR share some coactivators, VDR may promote individual gene transcription induced by GR; and it has been reported that vitamin D may upregulate the binding of GR to GRE \[[@B23]\]. These may be the biological mechanisms by which vitamin D enhances cellular responsiveness to glucocorticoids.

The 1,25(OH)~2~D/VDR pathway, via transcriptional repression, downregulates the expression of the CYP27B1 (25(OH)D 1*α* hydroxylase) gene in the kidney, and the expression of the gene encoding parathyroid hormone (PTH), resulting in decreased production of 1,25(OH)~2~D \[[@B1], [@B4]\]. Thus, through a negative feedback loop, 1,25(OH)~2~D regulates both the synthesis of PTH and its own production (Figures [1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}).

3. 1,25(OH)~2~D/VDR in Calcium and Bone Homeostasis {#sec3}
===================================================

In the intestine, the 1,25(OH)~2~D induced-calcium absorption is mediated by the epithelial calcium channel TRPV6 (transient potential vanilloid type 6) and in the kidney, 1,25(OH)~2~D mediates the active reabsorption of calcium via TRP5, in a mechanism similar to intestinal calcium absorption \[[@B4]\]. In the context of calcium homeostasis, the transcription of the gene encoding TRPV6 is regulated by vitamin D/VDR/RXR pathway \[[@B4]\].

Available information regarding the direct effect of vitamin D on bone is contentious. 1,25(OH)~2~D has the capacity directly or indirectly to regulate the proliferation, differentiation, and maturation of osteoblasts and osteoclasts, bone resorption, and mineralization \[[@B9]\]. It appears that 1,25(OH)~2~D via VDR upregulates the expression of genes encoding type 1 collagen, osteocalcin, and osteopontin that drive bone formation. In addition, 1,25(OH)~2~D/VDR induces the expression of RANK ligand by osteoblasts, which in turn mediates differentiation and increased activity of osteoclasts, thus ensuring bone turnover. This sequence of metabolic processes suggests that 1,25(OH)~2~D has the capacity to exert both anabolic and catabolic effects on bone \[[@B4], [@B5]\]. On a background of a low serum calcium level, regardless of the cause, 1,25(OH)~2~D/VDR-induced bone resorption is important in maintaining calcium homeostasis \[[@B4]\] ([Figure 2](#fig2){ref-type="fig"}).

However, not all studies have shown any significant correlation between levels of vitamin D and the bone turnover markers, bone-specific alkaline phosphatase, osteocalcin, procollagen type 1, N-terminal propeptide, and C-terminal telopeptide; and vitamin D supplementation has not been shown to have any effect on these markers in persons with low 25(OH)D, but with normal levels of calcium \[[@B9]\].

Thus, it appears that if the calcium balance is negative, 1,25(OH)~2~D/VDR directly mediates bone resorption with the mobilization of calcium from bone into the circulation, thus correcting the negative balance, but the effect of the 1,25(OH)~2~D/VDR on osteogenic cells in the face of a normal calcium balance is not fully understood. Under such circumstances in the context of normal calcium serum levels, 1,25(OH)~2~D regulates bone homeostasis indirectly through its effects on intestinal calcium absorption and renal calcium reabsorption, which maintain normal serum calcium levels \[[@B4]\].

Fibroblast growth factor 23 (FGF 23) is a protein primarily produced by osteocytes and osteoblasts that regulates the metabolism of vitamin D and the homeostasis of systemic phosphate. Once it is in the circulation, it can inhibit renal tubular reabsorption of phosphate, resulting in hypophosphatemia. Furthermore, by inhibiting CYP27B1 which converts 25(OH)D to 1,25(OH)~2~D in the kidney, and by stimulating CYP24A1 which catabolizes 25(OH)D and 1,25(OH)~2~D, FGF 23 suppresses the circulating 25(OH)D \[[@B7], [@B8], [@B26], [@B27]\]. Conversely, 1,25(OH)~2~D directly increases bone levels of FGF 23, probably via the upstream vitamin D response element in the FGF 23 gene promoter, in osteoblasts and osteocytes \[[@B26]\]. Thus, this bone-kidney feedback loop regulates production of FGF 23 in bone and of 1,25(OH)~2~D in the kidney, playing a role in the modulation of bone remodelling \[[@B27]\] ([Figure 2](#fig2){ref-type="fig"}).

1,25(OH)~2~D/VDR signalling in osteoblasts regulates expression of genes mediating differentiation of osteoblast precursor and bone mineralization, including the roles of alkaline phosphatase, osteocalcin, and osteopontin. Furthermore, 1,25(OH)~2~D/VDR signalling has the capacity to influence other signalling pathways involved in physiological activities of osteoblasts including transforming growth factor *β* (TGF-*β*), insulin growth factor 1 (IGF-1), bone morphogenic protein, interferon, PTH, hepatocyte growth factor (HGF), epidermal growth factor (EGF), and the Wnt/*β*-catenin signalling pathways \[[@B5], [@B28]\].

Osteoblasts express the CYP27B1 gene with the capacity to synthesize 1,25(OH)~2~D, but the biological significance of this is not clear. Once locally produced by osteoblasts, via a negative feedback loop, 1,25(OH)~2~D itself inhibits CYP27B1 expression, thus regulating its own production in bone ([Figure 2](#fig2){ref-type="fig"}); and it appears that interferon-*β* (INF-*β*) and interleukin-1 (IL-1) also play roles in the regulation of osteoblastic CYP27B1 \[[@B28]\].

The expression of specific osteogenic genes by osteoblasts in response to 1,25(OH)~2~D/VDR activation is dependent on the stage of differentiation of the cell and is influenced by immune cell-derived cytokines in the microenvironment \[[@B28]\].

However, as long as calcium levels are normal, bone metabolism is not affected by inhibition of 1,25(OH)~2~D/VDR signalling in osteoblasts. This is probably owing to the complex adaptive system which determines both osteoblast function and bone metabolism, in which deficiency of 1,25(OH)~2~D/VDR signalling is compensated by other factors in the system.

4. The Role of 1,25(OH)~2~D/VDR in Cancer {#sec4}
=========================================

There is a strong biological rationale for the role of vitamin D deficiency in increasing cancer risk and for the use of vitamin D or its bioactive analogues for cancer prevention and treatment. VDR is expressed in most cancerous tissues; and results of*in vivo* animal studies and*in vitro* cell culture studies show that 1,25(OH)~2~D inhibits cell proliferation, angiogenesis, invasion and promotes differentiation and apoptosis. In cancer cells, 1,25(OH)~2~D/VDR activates cyclin-dependent kinase inhibitors (e.g., p21, p27), inhibits mitogenic growth factors such IGF-1 and EGF, and promotes the activity of TGF-*β*, thus inhibiting cell proliferation and cancer growth \[[@B4], [@B15]\].

1,25(OH)~2~D/VDR signalling has the capacity to downregulate cyclooxygenase-2, prostaglandin, and NF-kB pathways, thus inhibiting tumour-associated inflammation, to suppress antiapoptotic proteins (e.g., Bcl2) and to activate proapoptotic proteins (e.g., Bax, RAK). Acting together, all these can suppress cancer growth \[[@B4], [@B15]\].

The transcription factor NF-kB regulates the expression of genes controlling inflammation, cell proliferation, apoptosis, invasion, and metastasis \[[@B29]\]. It has been reported that 1,25(OH)~2~D/VDR can suppress NF-kB activities, resulting in decreased expression of proinflammatory cytokines and inhibition of cell proliferation and of cancer-associated inflammation, with slowing down cancer growth \[[@B1], [@B4]\].

Another potential anticancer mechanism of 1,25(OH)~2~D is through the interaction with the transforming growth factor-*β* (TGF-*β*) family of secreted proteins. Some of these proteins promote differentiation and apoptosis of epithelial cells but inhibit their proliferation. As outlined above, 1,25(OH)~2~D has the capacity to activate TGF-*β* signalling pathways, thus it may promote the tumour-suppressor activities \[[@B1]\].

The canonical Wnt signalling pathway is associated with translocation of *β*-catenin from adherence junctions to the nucleus with subsequent activation of the *β* catenin/T cell factor (TCF) transcriptional complex, and with the functional loss of E-cadherin. In cancer, activated Wnt/*β*-catenin signalling activates genes which promote increased proliferation, invasion, and metastasis of cancer cells \[[@B30]\]. The dysregulated Wnt/*β*-catenin signalling is observed early in carcinogenesis and is maintained throughout the course of cancer progression, but Wnt-associated activation of the epithelial-mesenchymal transition (EMT) cellular genetic program that results in cancer cell detachment, motility, and migration with subsequent invasion and metastasis is a relatively late event in tumourigenesis \[[@B30]\].

1,25(OH)~2~D/VDR enhances E-cadherin expression and nuclear export of *β*-catenin and induces the dickkopf 1, an extracellular inhibitor of Wnt signalling, all of which result in the inhibition of cancer growth \[[@B1], [@B4]\]. Furthermore, in cancerous keratinocytes, 1,25(OH)~2~D/VDR may alter the expression of genes encoding cytoskeletal proteins, affecting cytoskeletal organization and function resulting in increased cell adhesion and decreased cell motility, even further suppressing cancer growth \[[@B4]\].

Most cancers express not only the VDR but also CYP27B1 and CYP24A1 thus allowing cancer cells to regulate locally 1,25(OH)~2~D levels, and it has been reported that cancers expressing CYP27B1 tend to be well differentiated while cancers which do not express CYP27B1 tend to be poorly differentiated. Cancers which express CYP24A1 tend to be more aggressive than those which do not \[[@B4]\].

Evidence from*in vitro* studies support the concept of an antiproliferative effect of 1,25(OH)~2~D; but results of*in vivo* studies on laboratory animals show that the anticarcinogenic activity of 1,25(OH)~2~D mainly affects cancer progression rather than cancer initiation. In humans, the results of observational clinical studies of associations between vitamin D supplementation and cancer incidence do not show diminution in cancer incidence in response to vitamin D supplementation. However, one needs to be aware that most of these studies had objectives unrelated to cancer incidence and that while carcinogenesis is a slow biopathological process the duration of vitamin D supplementation and the follow-up period have been relatively short \[[@B4]\]. Differences in ethnicity, environmental living conditions, and life-style between populations in various geographic locations most likely influence the results of studies investigating the association between the level of circulating vitamin D and cancer risk \[[@B4]\].

5. Vitamin D in Relation to the Immune System {#sec5}
=============================================

Many cells of both the innate and the adaptive immune systems express the VDR, and some of these cells also have the capacity to express the CYP27B1 and to produce the biologically active 1,25(OH)~2~D.

The molecular patterns of certain microorganisms activate the molecular pattern recognition receptor Toll-like receptor (TLR) 1/2 of innate immunocytes (e.g., monocytes, macrophages, and keratinocytes), resulting in upregulation of the expression of CYP27B1 and VDR, with the production of 1,25(OH)~2~D. In some of these cells 1,25(OH)~2~D/VDR signalling induces the expression of the genes encoding the antibacterial agents cathelicidin and *β*-defenisin. 1,25(OH)~2~D may also mediate antimicrobial effector responses independently of TLR receptors. Thus, it appears that vitamin 1,25(OH)~2~D/VDR signalling, in combination with, or independently of TLR signalling, fortifies the antibacterial responses of innate immune cells \[[@B17], [@B18], [@B31]\].

1,25(OH)~2~D can suppress the maturation of dedicated antigen presenting dendritic cells, resulting in reduction of their capacity to present antigens to naïve T lymphocytes in regional lymph nodes. This may lead to decreased antigen-specific T cell activation and proliferation, and possibly to T cell anergy \[[@B4], [@B18], [@B31]\].

It has been found that in laboratory animals 1,25(OH)~2~D/VDR signalling downregulates chronic T cell mediated hyperactive immunoinflammatory reactions through inhibition of T cell proliferation, and decreasing production of IL-2 and INF-*γ* by Th1 cells, and of IL17 by Th17 cells. 1,25(OH)~2~D/VDR-induced increase in the production of IL-4 by Th2 cells and in the activity of T regulatory cells (Treg) further moderates autoimmune T cell responses \[[@B4], [@B31], [@B32]\].

Despite these moieties of evidence derived from laboratory studies, in humans, the physiological significance of 1,25(OH)~2~D activity in the context of the immune system is not fully understood, and its role in the pathogenesis and in the clinical course of immunoinflammatory diseases is not clear. However, in general, as it is evident that in humans there is no causal association between vitamin D deficiency and the incidence or severity of immunoinflammatory diseases, augmenting treatment with vitamin D or its biologically active analogues does not improve the outcome of treatment \[[@B4], [@B17]\]. As medical science is not infallible, treatment practices that according to evidence-based experiments have not been found to be completely effective for the general population may still be successful for a subset of patients \[[@B33]\].

6. 1,25(OH)~2~D/VDR Signalling and the Cardiovascular System {#sec6}
============================================================

VDR and CYP27B1 are observed in cardiac myocytes, cardiac fibroblasts, vascular smooth muscle, and endothelial cells, and it appears that activated 1,25(OH)~2~D/VDR pathways may well play some role in cardiovascular function \[[@B18]\].

Experimental studies in laboratory animals have shown that limitation of 1,25(OH)~2~D/VDR signalling can cause increased renin/angiotensin activity with hypertension and cardiac hypertrophy, reduction in the bioavailability of the vasodilator nitric oxide with consequent impaired blood vessel relaxation, endothelial cell dysfunction, upregulation of proinflammatory cytokines, and increased proliferation and migration of vascular smooth muscle cells \[[@B4], [@B34], [@B35]\].

In humans, results of observational studies on the association between low 25(OH)D and increased cardiovascular risk and of interventional clinical randomized controlled studies into the effects of supplementation of vitamin D or its bioactive analogues on cardiovascular risk have yielded inconsistent results. Therefore, while it is evident that 1,25(OH)~2~D/VDR signalling has the capacity to modulate several pathways involved in maintaining the homeostasis of endothelial cells and cardiac function, its biological significance under physiological conditions is not clear, and any role vitamin D deficiency may have in the pathogenesis of cardiovascular disease is not scientifically proven \[[@B4], [@B35]\].

7. Effects of Vitamin D on Skin Biology {#sec7}
=======================================

The role of vitamin D as a regulator of skin physiology is complex. Vitamin D and its receptor are expressed by keratinocytes of the basal and spinous layers of the epithelium, and 1,25(OH)~2~D/VDR signalling influences proliferation, differentiation, and apoptosis of keratinocytes, and cutaneous immune responses \[[@B36]\].

In the basal cell layer of the epithelium, 1,25(OH)~2~D regulates proliferation of basal cell keratinocytes, while in the spinous cell layer it upregulates expression of agents of differentiation mediating the synthesis of keratins (K1, K10), involucrin, transglutaminase, loricrin, and filaggrin \[[@B36]\].*In vitro*, a high level of 1,25(OH)~2~D, via VDR-mediated genomic mechanisms, inhibits proliferation of keratinocytes \[[@B14]\] and via nongenomic mechanisms promotes differentiation of keratinocytes by increasing levels of intracellular calcium \[[@B36]\].

More mature keratinocytes in the upper layers of the epithelium produce proteins, lipids, and glucosylceramides which provide a physical epidermal barrier protecting the underlying tissue from penetration by infectious and toxic agents and also provide a permeability barrier \[[@B15], [@B20], [@B37]\].

Calcium signalling in keratinocytes is induced by the calcium sensing receptor (Casr), a plasma membrane-bound member of the G protein coupled receptor family, and cross-talk between the 1,25(OH)~2~D/VDR signalling and the Ca/Casr signalling pathways regulates the formation of plasma membrane E-cadherin/catenin complexes which form adherent junctions \[[@B37]\]. Synergism between Ca/Casr and 1,25(OH)~2~D/VDR signalling inhibits the translocation of *β*-catenin from the plasma membrane E-cadherin/catenin complex, thus diminishing the nuclear transcriptional activity of *β*-catenin \[[@B37]\].

Physiologically, the hedgehog intracellular signalling pathway regulates the differentiation and proliferation of keratinocyte stem cells. Functional upregulation of this pathway is an early genetic event in the pathogenesis of cutaneous basal cell carcinoma conferring upon affected basal keratinocytes enhanced proliferative capacity thus increasing risk of basal cell carcinoma. Furthermore, reduced functional activity of genes regulating repair of DNA damage caused by UVB radiation is also implicated in the pathogenesis of cutaneous basal cell carcinoma \[[@B38]\]. In this context as 1,25(OH)~2~D/VDR signalling has been shown to inhibit the hedgehog signalling pathway and to upregulate the activity of DNA nucleotide excision repair enzymes, 1,25(OH)~2~D has the potential to reduce the risk of basal cell carcinoma \[[@B14]\].

In the context of cutaneous squamous cell carcinoma, results of*in vitro* studies show that 1,25(OH)~2~D/VDR signalling inhibits cell proliferation by inducing cell cycle arrest, by triggering apoptosis, by downregulating DNA synthesis, and by promoting repair of UVB radiation-induced DNA damage \[[@B14], [@B20]\].

8. Vitamin D and Oral Health {#sec8}
============================

It appears that 1,25(OH)~2~D/VDR plays a role in maintaining the homeostasis of oral epithelium and of oral immunity. VDR is expressed by oral keratinocytes in which it has a ligand-independent function in restraining proliferation of oral keratinocytes; and 1,25(OH)~2~D/VDR signalling has an even stronger inhibitory effect on proliferation of oral keratinocytes. Both*in vitro* and*in vivo* studies show that vitamin D deficiency brings about an increase in proliferation of oral keratinocytes, but without any morphological or histological alterations. Although it is clear that vitamin D deficiency in itself is not sufficient to cause precancerous transformation, synergistically with other genetic or environmental factors it may increase the risk of oral squamous carcinoma \[[@B39]\].

Since melanin diminishes the cutaneous production of vitamin D, black persons experienced vitamin D deficiency more frequently than white persons and this account in part for the higher prevalence of oral squamous cell carcinoma in black people than in white people \[[@B40]\].

The anti-inflammatory, antimicrobial, and immunomodulating effects of the 1,25(OH)~2~D/VDR pathway most probably play roles in maintaining the homeostasis of oral tissues in general, thus providing some protection against the development of bacterial plaque-induced periodontal diseases. There is evidence that vitamin D deficiency or VDR polymorphism are associated with increased risk of chronic periodontitis \[[@B41]\]. Thus supplementing the conventional treatment of chronic periodontitis with administration of biologically active vitamin D may have a beneficial effect \[[@B31], [@B42], [@B43]\].

9. Conclusion {#sec9}
=============

1,25(OH)~2~D is regulated by a complex system of feedback mechanisms mediated by enzymes, hormones, and receptors. 1,25(OH)~2~D/VDR signalling has an essential role in calcium and bone homeostasis and has the capacity to regulate various cellular responses of the immune and cardiovascular systems, and to regulate differentiation, proliferation, and apoptosis of normal and malignant keratinocytes.
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![*Synthesis of vitamin D precursors and metabolites.* Photosynthesis in the skin, dietary intake, and supplements are the sources of vitamin D. Melanin and sunblock preparations, which protect the skin from sunlight damage, reduce the UVB penetration resulting in decreased cutaneous photoconversion of 7-dehydrocholesterol to vitamin D \[[@B6]\]. Older persons have a decreased capacity to produce cutaneous previtamin D~3~ \[[@B2]\]. CYP2R1 is the major enzyme responsible for hydroxylation of vitamin D in the liver into 25(OH)D. 25(OH)D is then hydroxylated by the enzyme CYP27B1 in the kidney to become hormonal 1,25(OH)~2~D. CYP27B1 is also expressed by nonrenal tissues \[[@B1], [@B4]--[@B6]\]. 1,25(OH)~2~D, the biologically active form of vitamin D, acts on target cells including cells of the parathyroid glands, osteoblasts, dendritic cells, T cells, and keratinocytes. Small amounts of 1,25(OH)~2~D can also be produced locally in the skin by cutaneous keratinocytes, but only insignificantly contributing to the blood levels of 1,25(OH)~2~D. Usually 25(OH)D and 1,25(OH)~2~D are metabolized by CYP24A1 into water soluble inactive forms which are secreted in bile \[[@B7], [@B8]\].](BMRI2018-9276380.001){#fig1}

![*Schematic representation of the functions of vitamin D in bone and calcium homeostasis.* Low serum calcium triggers the production and secretion of parathyroid hormone (PTH) by the parathyroid glands, which in turn induces the synthesis of 1,25(OH)~2~D in the kidney by CYP27B1. FGF 23 can inhibit renal tubular reabsorption of phosphate and CYP27B1 activity and can stimulate CYP24A1 \[[@B7], [@B8], [@B26], [@B27]\]. Vitamin D regulates calcium homeostasis by promotion of calcium absorption in the intestine, by reabsorption of calcium by the kidney, and by mobilization of calcium from the bone. 1,25(OH)~2~D through a negative feedback loop regulates the synthesis of PTH and of CYP27B1 (a) \[[@B4]--[@B6], [@B10]\]. Lower 25(OH)D is associated with increased PTH levels and lower bone density. This is owing to PTH/Vitamin D-induced increase in bone turnover, which results in increased bone resorption. Persistent vitamin D deficiency may result in osteopenia and osteomalacia \[[@B5]\]. 1,25(OH)~2~D promotes the production of CYP24A1, the enzyme that degrades 1,25(OH)~2~D (b) \[[@B1], [@B5]\], and low calcium and low PTH levels inhibit the production of CYP24A1 (c) \[[@B4]\]. Thus levels of circulating 1,25(OH)~2~D are regulated, in part, by CYP27B1-mediated production and by CYP24A1-mediated degradation \[[@B4]\].](BMRI2018-9276380.002){#fig2}

###### 

Causes of Vitamin D deficiency or functional impairment.

  ----------------------------------------------------------------------------------------------------
  \(i\) Decreased exposure to sunlight
  \(ii\) Impaired photosynthesis in the skin
  \(iii\) Inadequate diet
  \(iv\) Impaired intestinal absorption
  \(v\) Impaired conversion of Vitamin D into active metabolites owing to liver or renal disease
  \(vi\) Resistance to the biological effects of 1,25 (OH)~2~D
  \(vii\) Accelerated inactivation of vitamin D metabolites (barbiturates, phenytoin, and rifampin)
  \(viii\) Medications (anticonvulsants, systemic glucocorticoids, ketoconazole, or antiretrovirals)
  ----------------------------------------------------------------------------------------------------
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